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INTRODUCTION 
Besides the conventional breeding methods like selection 
and hybridisation, crop improvement through mutation breeding 
has become an important method for improving specific 
cheiracters of a crop plant. The success in plant improvement 
programme, however, depends basically on controlling and 
directing the induced mutation process for the production of 
desired mutations. The induced mutations are of considerable 
value for comprehensing evolution and accelerating the process 
of plant improvement. 
'Mutations provide an opportunity to create h i ther to 
unknown alleles, so tha t the breeder does not remain 
handicapped due to limited allelic variation at one or more 
gene loci of interest. Fried (1969) suggested that for increasing 
food production in the world, induced mutagenesis is important 
in creating variability in the breeding population to improve 
yield, earliness, disease resistance, logging resistance etc. The 
significance of induced mutation is well documented from 
numerous reports. More than 2,252 varieties developed in 163 
species through mutation breeding have been recorded as 
approved and released for cultivation in various countries (FAO/ 
IAEA, 2000)p 
The increasing number of induced mutation derived varieties 
seem to prove that breeders have begin to recognise mutation 
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induction as a practical tool and have started to exploit its 
potential. Induced mutagenesis has been employed to improve 
morphological and physiological characters, disease resistance and 
various quantitative characters including yielding ability. To some 
extent, mutation breeding relieves the complete dependence of 
breeders on the natural germplasm; it is useful in improving 
specific characteristics of a well adapted high yielding variety, 
particularly in case of clonal crops due to their highly 
heterozygous nature, without changing their genetic makeup. 
According to Sigurbjornsson and Micke (IAEA, 1974), "Mutation 
breeding is one of the gimmicks of the atomic age—a much 
heralded breeding short cut \^iiich promised much but delivered 
little. However, the skilful use of this technique, now much 
advanced, has indeed resulted in noteworthy plant breeding 
advances". One of the chief advantages of mutation breeding is its 
ability to improve a single feature in a variety without significantly 
altering the otherwise desirable make up of agronomic characters. 
Another advantage of mutation breeding is the creation of 
variability which enhances the scope for selection. 
A mutation may be the result of changes in the base 
sequence of genes as a result of deletion, duplication, inversion 
etc. and is known as gene or point mutation, caused by the 
various factors which leads to a change in the coded 
information finally expressed in terms of a changed phenotype 
through alterations in the chain of events like transcription and 
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t ranslat ion. In other words, the biochemical pathways get 
affected resulting in the modified manifestation of a gene. 
Sometimes mutations may be produced by changes in the 
chromosome structure or even in chromosome number. They are 
termed as chromosomal mutations. The important properties of 
mutation is that they are recurrent, reversible and reproducible. 
The rate of mutation depends on many external factors, 
therefore, the frequency of mutation will be different under 
different conditions. It also depends upon the treatment with 
any physical or chemical mutagen. The dose required for high 
mutation efficiency of a chemical mutagen depends on the 
properties of the agent, of the solvent medium and of the 
biological system in question. 
In mutation breeding, gamma rays and X-rays are the most 
commonly used physical mutagens while Ethyl methane 
sulphonate (EMS), Ethyleneimine (EI), N-nitroso-N-methyl urea 
(NMU) and sodium azide (SA) are the most commonly used 
chemical mutagens . Physical mutagens essentially involve 
radioactive isotopes (or radioisotopes). Gamma rays are 
nonparticulate electromagnetic radiations with 10" to 10^ nm 
wavelength, they are high energy radiations and consist of 
photons. Gamma rays are produced by radioactive decay of 
certain elements, e.g. radium, carbon-14, cobalt-60, caesium-137 
etc. Cobalt-60 (half life = 5.25 yr.); is the most common source of 
gamma rays used for biological studies. These rays are produced 
{ 3 } 
when an unstable atomic nucleus like Co-60 releases energy to 
gain stability. They are highly penetrating and sparsely ionising 
and produce both chromosomal as well as point mutations. The 
effect of a mutagen depends on its wavelength and penetrance 
which are inversely correlated. Lower the wavelength, higher the 
penetrance. This is why, ionising radiations having lower 
wavelength have high penetrance, and are thus used as acute 
radiation dose, which are usually given to seed material. During 
the last two or three decades, ethyl methane sulphonate (EMS) 
has been most extensively used for inducing mutations in 
microorganisms, higher plants and animals. EMS is an alkylating 
agent which acts as mono-functional agent. AU alkylating agents 
attack the DNA and chginge them in four different ways i.e. firstly 
by alkylation of phosphate groups of nucleic acid, secondly by 
hydrolysis of triester between sugar and phosphate, thirdly by 
alkylation of bases and lastly by depurination at the 7* position 
of guanine base. Induced mutations increase the genetic variability 
for certain characters so that selection is more effective and the 
probability of getting the desired genotypes is considerably 
enhanced. The enhancement of genetic variability is obviously 
urgently needed so that suitable types of crop plants may be 
developed. 
Chilli {Capsicum annuum L.) is an important self pollinated 
crop of family Solanaceae. They are eaten raw or cooked and 
are also preserved. They are used as condiments in preparation 
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of hot sauces and in pharmacy. Chilli is one of the main 
ingredients in the curry powder and paste that is made for the 
preparation of fish meat and vegetables in many countries. It is 
utilized both in green and dried form in food. 
The characteristic feature of chilli is the burning pungency, 
which is due to the crystall ine volatile alkaloid called 
"Capsaicin"-C5Hj402 (Mac Gillivray, 1961). Capsaicin has been 
shown to be a condensation product of 3-hydroxy-4-methoxy 
benzylamine and decylenic acid. On heating capsgucin, a highly 
irritating vapour is produced. Capsaicin occurs in the cross or 
septa walls of the fruit and is generally considered to be 
present in the placenta. Green chillies possesses appreciable 
quantities of vitamin C. The total pigment content in ripe 
Capsicum is 4.07-5.40 mg per kg. Chilli seeds contain alpha-
tocopherol (vitamin E) in a concentration of about 2-4 mg per 
100 gm and oil 9-13% in the powdered dry fruits. 
Chilli is a powerful warming stimulant. It acts on the 
circulation and the digestion, and is used to treat a wide range 
of complaints from a r th r i t i s and chilblains to colic and 
diarrhoea. It acts as stimulants, tonic, carminative, antiseptic, 
increases sweating, increases blood flow to the skin and as an 
analgesic. It also st imulates, the secretion of the digestive 
juices, helps to prevent infections in the digestive system. ChUli 
is indigenous in South America and is believed to have been 
introduced into India about the middle of the l?*** century. 
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The seeds of chilli are sown in early spring and flourishes 
in hot, moist conditions. The plants are erect with ovate elliptic 
to narrowly lanceolate leaves that are simple, entire and 
alternately disposed on stem. Flowers are generally white, that 
are sometimes tinged violet, pedicellate, solitary and borne in 
leaf axils. Fruit is long, elliptical or lanceolate in shape. The 
flowers may be erect or declined, bracteate and bisexual. Fruit 
is long, elliptical or lanceolate in shape. The fruit is harvested 
when ripe in summer and is dried in the shade. Unripe fruits 
are generally green, but forms are known bearing greenish-
yellow, yellow, orange, purple or purphsh black raw fruits. 
Although there axe numerous reports on the improvement 
of different crop species through induced mutagenesis, a much 
little attention has been paid for the improvement of Capsicum 
sp. in the past few decades. The variability present in the 
existing genotypes has already been exploited through 
conventional methods which has led to a narrow genetic base 
in this crop. Although few reports on induced mutagenesis in 
Capsicum are available, still there is a need of improving yield 
and other quality traits in the varieties available presently. In 
the present investigation, an attempt has been made to explore 
the possibilities of inducing genetic variability in Capsicum 
annuum L. by physical and chemical mutagens separately as 
well as in combination. The main objectives of the present 
studies were to, 
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(1) Choose the potent mutagen and standardize effective dose 
as well as treatment condition for releasing high mutation 
frequency. 
(2) Study the genotypic differences of the two varieties in 
relation to mutagenic treatments. 
(3) Evaluate the mutagenic effect on various morphological 
characters. 
(4) Enhance the genetic variability of various quantitative traits. 
(5) Evaluate the effect of mutagens on chromosomal toxicity. 
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REVIEW OF LITERATURE 
2.1 Origin of Capsicum €uinuum L. 
Linnaeus (1753) in his book "Species Plantarum" had 
described originally two species of Capsicum viz. C.annuum and 
C.frutescens. Since that time there has been no agreement as 
to whether the principal cultivated pepper constitute one or two 
species. Later on, Smith and Heisser (1951) worked on 
taxonomic and genetic aspects of cultivated pepper and found 
that both C.annuum and C.frutescens are valid species and 
c£innot be combined into one species as originally proposed by 
Bailey (1923) because of the great morphological variation 
present in both the species. Both the species have the diploid 
chromosome number of twenty four. 
Krishnakumari and Peter (1986) found tha t no barrier 
exists in the crosses involving Capsicum annuum L. and 
Capsicum frutescens L. except in few combinations. There was 
maternal effect on overall basis controlling crossability index. 
Crossabihty was found specific and genotype-dependent. 
Badr et al. (1997) studied the taxonomic relationships in 
the family Solanaceae based on chromosomal criteria of 45 
species and according to this, Capsicum species belongs to the 
tribe solanae with a basic chromosome number of x=12. 
2.2 Induced Mutagenesis 
Induced mutations are considered as an alternative to 
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naturally occurring variations as the source of germplasm for 
plant improvement programmes and also as an alternative to 
hybridization and recombination in plant breeding. The relative 
advantages of mutation and recombination in plant breeding 
have been considered in relation to genetic nature of the trait 
to be improved in the breeding system of the species. 
Among the successful mutations raised experimentally, 
about 9 5 % have been produced by X-rays, gamma rays, 
neutrons etc. and only about 5% by chemical mutagens. But as 
far as the mutagenic effectiveness and efficiency is concerned, 
ionizing radiations still remain a tour de force in inducing 
genetic variability. However, a number of chemicals have also 
been found to be equally or even many times more effective 
and efficient in inducing genetic variability (Rao, 1977). C. 
Auerbach and Robson (1942) were the first to find that 
mutations can also be induced due to certain chemicals. The 
chemical mutagens act, by and large, in the same way as the 
ionizing radiations. However, they tend to bring about both 
chlorophyll and viable mutations often in higher proportion than 
physical mutagens do. But their effectiveness and efficiency is 
restricted by three factors i.e. poor solubility, high toxicity and 
their reactivity (Konzak et al. FAO/IAEA, 1965). 
During the last two or three decades, ethyl methane 
sulphonate (EMS) has been most extensively used for inducing 
mutations in microorganisms, higher plants and animals. EMS 
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has been reported to be the most potent among the chemical 
mutagens used in rice (Kawai and Sato, 1965; Rao, 1977) and 
in other crop (Gaul et al, 1992; Singh et al, 1999). 
Datta and Laxmi (1992) analysed five EMS induced 
mutants in fenugreek. The mutants were different from the 
parental strain in their leaf characters, s ta ture, flowering 
behaviour, pollen characters, yield and seed coat colour. The 
mutant 1 and 2 showed modification in leaf characters, mutant 
3 was characterized by its dwarfness and early flowering 
behaviour, mutant 4 showed reduced plant height, increased 
branching and late flowering and mutant 5 by its smaller 
chocolate coloured seeds. The mutants were of phylogenetic and 
economic importance. 
Venkatrajam and Subhash (1983) isolated multilocular 
mutants in Capsicum annuum L. induced by EMS in the M^  and 
Mj. They showed high pollen and ovule sterility along with 
various floral and meiotic abnormalities. Datta and Biswas 
(1985) recovered a bushy mutant with desynaptic behaviour of 
chromosomes from the M^ population of Nigella sativa L. 
induced by EMS treatment. The mutant was characterised by 
delayed germination, flowering and maturity, high frequency of 
sterile pollen, poor seed setting and desynaptic behaviour of 
chromosomes. Narsimhachary and Bhalla (1988) isolated a male 
sterile mutan t from pigeon pea line ICP 7295 in the M^ 
generation after treatment with EMS. The mutan t was 
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character ised by long and narrow leaves, slender s tem, 
shrunken pollen grains with no distinct colpae, whereas the 
normal pollen grains were distinctly tricolpate. 
Mahna et al. (1994) studied the effect of alkylating agents 
and gamma rays on the diosgenin production in induced 
m u t a n t s of Trigonella corniculata. Significant increase in 
diosgenin was observed in tall heterophyllous leaves and 
irregular mutants while significant decrease in its level was 
recorded in Virina xanthescens mutants. Little variation in 
diosgenin content was recorded in a dwarf excessively branched, 
unifoliate, high nodulating mutants. Singh et al. (1999) studied 
the mutagenic effect of gamma rays and ethyl methane 
sulphonate alone or in combination in the two cultivars of 
urdbean. The combination treatments have yielded the higher 
frequency and spectrum of chlorophyll mutations whereas the 
vgirious doses of mutagenic agents have independent response 
towards macromutations in both the cultivars. 
2.3 Biological damage 
There are many reports to demonstrate the effect of 
physical and chemical mutagens on various biological 
parameters such as germination, survival, injury, sterihty etc. 
Edwin and Reddy (1993) studied the effect of gamma rays, 
EMS and their combination treatments in hexaploid triticale. 
Reduction in germination, survival of seedlings and seedling 
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height was observed in the treated population. Combination 
treatments were comparatively more effective followed by EMS 
treatments. An increase in chlorophyll variants, seedling injury, 
pollen sterility, abnormal stomata were also observed in almost 
all mutagenic treatments. Khan and Hashim (1978) reported a 
stimulatory effect of gamma rays in two varieties of mungbegm 
(G-65 and Ps-16). Seed fertility showed stimulatory effect in the 
variety G-65 where as pollen fertility decreased with increasing 
doses of radiations in both the varieties. 
SubrEunanian (1980) studied the effect of gamma irradiation 
in three species of Vigna radiata in M ,^ M2 and M3 generations. 
The seed germination, seedling survival and growth rate 
decreased with increasing dose level. The mutagenic efficiency 
and effectiveness was found to increase on increasing dose level 
in all the species. Similarly, Dixit et al. (1986) reported the 
mutagenic efficiency of gamma rays and NMU and their 
combinations in M^  generation in lentil. The efficiency of NMU 
treatments based on injury as well as steriUty was 2-5 times 
higher in comparison with gamma rays treatments. Combination 
treatments also showed higher efficiency than the individual 
gamma rays treatments. 
Asha and Nayar (1986) studied the effect of gamma rays 
and EMS in fifteen genotypes of Capsicum annuum and observed 
an increase in pollen sterility with an increase in dose of 
mutagen. Gemima rays induced a higher percentage of sterility 
{ 12 } 
as compared to ethyl methane sulphonate. Whereas, Singh et 
al, (1978) found EMS to be more effective than gamma rays in 
reducing germination, seedhng height, seeding survival and 
pollen fertility. 
Srivastava and Raina (1981) studied the mutagenic effect of 
single, pre and post irradiation treatments with EMS, MMS and 
gamma rays in Tephrosia pupurea in relation to germination, 
lethality of seed and survival. In comparison to control, 
germination percentage increased at some dose level. Pre-
irradiation has been found to be more effective than post-
irradiation treatments. Pina and Castillo (1984) studied the 
effects of gamma rays on the seeds of tobacco cv. P-6. At the 
higher doses, percentage germination was reduced and seedlings 
were shorter with an altered habit. 
Jain and Agarwal (1987) treated the seeds of Trigonella 
coniculata and Trigonella foenum-graecum with different 
concentrations of EMS, MMS and NaNg separately to study the 
effect on the level of ascorbic acid. A decrease in percent 
germination was observed in treated samples but £in increase in 
ascorbic acid content was recorded at low concentrations 
followed by a continuous decrease in its level with higher 
concentrations of mutagens in both the plant species. Jayabalan 
and Rao (1987) studied the effect of gamma rays and ethyl 
methane sulphonate and nitroso methyl urea on the seeds of 
tomato cv. Co-2 and found that the percentage of seed 
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germination and seedling survival decreased with increasing 
dose/concentration. Reduction in germination, seedling growth, 
pollen fertility and other parameters following mutagenic 
treatments has also been reported in Capsicum annuum (Singh 
et al, 1988). Most of the workers observed a dose dependent 
decrease of above mentioned biological parameters with an 
increase in mutagenic treatment. 
2.4 Cytological studies 
The mitotic and meiotic behaviour of chromosomes is 
considered to be the most convenient for evaluating the effect 
of physical and chemical mutagens. Mutagen induced 
chromosomal aberrations have been reported by many workers 
in different plants such as chilli (Meshram and Hume, 1984; 
Anis et al., 2000), pea (Kalloo, 1972), Triticale (Pushpalatha et 
al, 1992), fenugreek (Anis and Wani, 1997). Most of these 
workers observed a dose dependent increase in the frequency of 
chromosomal abnormali t ies with respect to mutagenic 
treatments. 
Katiyar (1978) studied the radiocytological effect of gamma 
rays in Capsicum annuum L. and reported a number of meiotic 
abnormalities such as stickiness, clumping, altered association, 
breakage, bridge, unequal segregation, laggards and abnormal 
microspores. An increase in pollen sterility was also observed 
with increase in dose. Tarar (1980) reported various meiotic 
abnormalities such as stickiness of chromosomes, fragments, 
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disturbed bivalents, multivalents, precocious separation, laggeirds 
and bridge after treatments with different doses of EMS and 
gamma rays in Tumera ulmifolia L.cv. angustifolia. Gamma rays 
induced more meiotic abnormalities as compared to EMS. 
Rao and Lakshmi (1980) studied the meiotic abnormalities 
induced by gamma rays in Capsicum annuum L. The meiotic 
abnormalit ies included stickiness, clumping, breakage of 
chromosomes, multivalents and univalents, unequal separation, 
laggards and non-orientation of chromosomes. Similar results 
were obtained in Lycopersicon esculentum Mill. var. Pusa ruby 
treated with gamma rays (Jayabalan and Rao, 1987). 
Singh et al. (1977) isolated a partial desynaptic mutant in 
pearl millet induced by EMS and gamma rays. They observed 
univalents, unequal segregation of chromosomes, laggards and 
chromatin bridge. Chiasma frequency in the desynaptic plants 
was lower than that in the normal control. Raja Rao and 
Kumar (1983) isolated three desynaptic plants in Capsicum 
annuum L. The m u t a n t p lants showed reduced chiasma 
frequency and pollen fertility. Kumar and Raja Rao (1985) 
isolated a desynaptic mutan t in Capsicum frutescens cv. 
Tobasco. The desynaptic mutants showed reduced chiasma 
frequency and poUen fertihty. The number of univalents ranged 
from 12-24 per cell in desynaptic mutant. 
Sadanandam and Subhash (1984) studied the effect of 
chemical mutagens (EMS, dES and HA) on chiasma frequency 
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per bivalent and per pollen mother cell of M^ plants in 
Capsicum annuum L. and observed a reduction in chiasma 
frequency in all the mutagenic treatments compared to their 
respective control. EMS caused a greater reduction in the 
frequency of chiasmata than dES and HA. 
Meshram and Patil (1986) studied the cytological effect of 
dimethyl sulphate (DMS), ethyl methane sulphonate (EMS) and 
acrid juice of mango (AJM) in Capsicum annuum L. and 
reported chromosome stickiness, univalents , multivalents, 
chromatin bridges, fragments and micronuclei. Prakash et al. 
(1988) studied the effect of two fungicides, Bavistin and Deltan 
in Capsicum annuum L. var. X 235, and reported a dose 
dependent decrease in seed germination and survival percentage. 
The mean chiasma frequency also decreased with increased 
concentration of mutagen. Various abnormalities induced were 
univalents, multivalents, stickiness and non-orientation of 
chromosomes, chromatin bridges, laggards etc. A decrease in 
pollen fertility was also recorded with increased concentration of 
mutagen. 
Venkateswarlu et al, (1988) studied the chromosomal 
behaviour in Cathranthus roseus after treatments with gamma 
rays, EMS and HA alone and in combination. The various 
meiotic aberrations included different association of chromosomes 
at diakinesis, unequal disjunction at anaphase I, unoriented 
chromosomes at metaphase I and 11, fragments, bridges with or 
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without laggards and micronuclei at telophase II. Besides, triad, 
dyads, monads and polyads were also observed. 
Reddy et ah (1991) studied the effect of gamma rays, EMS, 
SA and their combinations on meiotic behaviour in one cultivar 
each of barley, hexaploid wheat and tetraploid wheat. Meiotic 
abnormalities such as quadrivalents, univalents, laggards, 
bridges, fragments and micronuclei were increased with an 
increase in mutagenic treatments. Abnormalities were high in 
combined t rea tments . Gamma rays either alone or in 
combination with EMS or SA exhibited more abnormalities. They 
found hexaploid wheat to be slightly resistant to mutagens 
compared to tetraploid wheat. 
Zeerak (1991) studied the cytogenetical effects of gamma 
rays and ethyl methane sulphonate in Solanum melongena L. 
both singly and in combination. Gamma irradiated and 
combined treatments induced a greater frequency of meiotic 
abnormalities than EMS treatments . Reddy and Annadurai 
(1992) analyzed the cytological effect of gamma rays, EMS, SA 
and their combinations in lentil var. PL-639. The mean values 
of quadrivalents, rod bivalents, univalents, fragments/bridges, 
other abnormal cells and pollen sterility were increased in 
mutagen treated population; while the chiasma frequency was 
decreased. Combined treatments showed additive effects. 
Anis and Wani (1997) s tudied the morphological and 
cytological effects of caffeine in M^  generation in Trigonella 
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foenum-graecum. The treated population showed meiotic 
abnormalities such as univalents, laggards, bridges, non-
disjunction, stickiness, cytomixis and precocious movement of 
chromosomes. These anomalies were found to increase with 
increasing concentrations of caffeineJ^nis and Sharma (1997) 
made a cytological analysis in the treated as weU as in control 
plgmts in Capsicum annuum L. treated with EMS, MMS and SA 
and observed a reduction in chiasma frequency in all the 
mutagenic treatment, compared to their respective control. EMS 
caused a greater reduction in the frequency of chiasmata than 
MMS, and SA and various chromosomal aberrations like 
clumping and stickiness of chromosomes, formation of 
univalents , multivalents and fragments were observed at 
metaphase I. Irregular grouping of chromosomes and laggards 
were found at anaphase stage. 
v/Anis et ah, (1998) induced autotetraploidy in Capsicum 
frutescens var. Suiyamukhi by treating apical growing points with 
colchicine and observed various meiotic abnormalities such as 
univalents, laggards, unequal distribution of chromosomes and 
presence of micronuclei. These irregularities were the major factors 
for high sterility of pollen grains in induced tetraploid plants of 
C.frutescens L. Kumar and Dubey (1998) studied the effect of 
gamma rays, EMS and dES on meiosis, poUen and seed steriUty 
and survival percentage in M^  generation of Lathyms satiuus. High 
frequency of translocations leading to multivalent associations 
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involving varying number of chromosomes were induced in all tiie 
treatments. A decrease in meiotic abnormalities with increase in 
radiation dose individually as well as in combination with a 
chemical mutagen was recorded. 
Anis et al., (2000) studied the effect of ethyl methane 
sulphonate, sodium azide and methyl methane sulphonate on 
various cytological parameters in M2 generation in Capsicum 
annuum and recorded a greater reduction in chiasma frequency 
caused by EMS. Various meiotic abnormalities in M2 plants 
included univalents, fragments, bridges £ind pollen sterility which 
increased on increased doses of mutagen. 
2.5 Induced variability for quantitative traits 
The inheritance of quantitative traits is controlled by the 
interaction of many genes or polygenes out of which each 
single gene contributes little to the total phenotypic variability. 
In crop improvement programme, it is the quantitative variations 
for yield and its component traits that is important to a plant 
breeder. In recent years, the role of mutation breeding in 
increasing the genetic variability for polygenic characters in 
number of crops have been proved beyond doubt (Khan, 1984; 
Chopra and Sharma, 1985; Ignacimuthu and Babu, 1993; 
Solanki and Sharma, 1999; Waghmare and Mehra, 2000). 
Raghuvanshi and Singh (1982) induced muta t ions in 
Capsicum L. when treated with dimethyl sulphate, ethyl methane 
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sulphonate, methyl ethane sulphonate, hydrazine sulphate and 
hydroxylamine hydrochloride and isolated five viable mutamts in 
Mj generation. Laxmi and Gupta (1983) studied the response of 
different concentra t ions of EMS on various quant i ta t ive 
characters in M^ generation. A significant gradual decrease in 
plant height, number of branches per plant, number of pods 
per plant, number of grains per pod, pod length and grain 
yield per plant was noted with an increase in EMS 
concentrations. They isolated various mutants such as abnormal 
leaf type, changed seed coat colour type, dwarf type and early 
flowering type in M3 generation. 
Restaino (1983) isolated the pepper brachytic forms 
(Capsicum annuum L.) with different doses of ethyl methane 
sulphonate and gamma rays. Two recessive brachytic mutants 
were isolated from M ,^ one was compact with reduced 
internodes, stems and branches and other was semicompact 
with a slight reduction in length of the stem and internodes. 
Singh (1987) studied the effect of presoakLng and various EMS 
concentrat ions in diploid and autoteraploid fenugreek on 
different parameters of M^  generation viz. germination, survival, 
plant height, breinches per plant, poUen fertility, pods per plant, 
pod length £ind seeds per pod in both dry and presoaked sets. 
The effect of mutagen on various parameters increased with an 
increase in dose in both 2x and 4x. Tetraploid was resistant 
than diploid for pollen fertility, pod length and seeds per pod. 
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PresoEiking increased the effect of mutagen in both 2x and 4x. 
Singh et al, (1988) isolated a multiracemose inflorescence 
mutant of green gram cv. T-44 induced by recurrent gamma 
irradiation and was found to be higher yielder than the parent. 
Vandana and Dubey (1988) treated the seeds of Vicia faba L. 
with different concentrations of EMS and dES and found that 
germination, seedling growth, pollen fertility, time to maturity 
and survival were adversely affected by both the mutagens. 
Plant height, breinching, number of leaves, pods and seeds as 
well as yield per plant showed varying responses to different 
concentrations of mutagen. However, dES at all doses and EMS 
only at the highest dose had adversely affected these traits 
whereas the lower doses of EMS had either no effect or a 
slight promoting effect. 
Rao et al. (1991) studied the effect of gamma rays, ethyl 
methane sulphonate and N-methyl-N-nitroso urea singly £ind in 
combination in Capsicum annuum L. in M^  generation £ind found 
that the mean values for most quantitative characters were 
lowered as compared to control and frequency of chlorophyll 
mutations increased following increased mutagenic treatments. 
Combination treatments were more effective than single doses. 
Pollen sterility increased with an increase in dose of gamma 
rays . J a in and Agarwal (1993) s tudied the changes in 
morphological characters due to different concentrations of EMS 
and MMS in Trigonella foenum-graecum and observed a gradual 
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decrease in seedling length, plant height, internodal length, 
number of nodes, flowers gind pods per plant, number of seeds 
per pod and weight of 100 seeds in Mj and M^ generations. 
They also isolated a number of morphologically different plants 
such as abnormal leaf type, dwarf type, early flowering, double 
flowers, and double pods. 
Singh (1996) isolated a vigorous and bold seeded mutant 
from M^  progeny of gamma irradiated plants of Vigna mungo cv. 
T-9. The mutant had larger leaves and flowers with curved 
stigma. The mutant had larger and healthy pods bearing bolder 
seeds and showed higher seed yield per plant. Venkatachalam 
and Jayabalan (1997) studied the effect of the different doses of 
gamma rays in Zinnia elegans Jacq. cv. crimson red and 
observed a significant increase in mean value of plant height, 
branches, number of flowers and flower diameter. Four new 
flower colour mutants were also recorded. Singh et al. (2000) 
studied the range, meein and coefficient of vsiriation for different 
characters in two cultivars of urdbean following treatments with 
gamma rays and EMS. Positive and negative shifts in mean 
were observed for all the quantitative traits in both the 
cultivars. All the mutagenic treatments influenced the mean, 
range and coefficient of variation independently in both the 
varieties. However, the combination treatments of gamma rays 
with EMS were found to be effective for causing induced 
genetic variability in urdbean cultivars. 
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Dnyansaggir and Tarar (1979) reported a stimulatory effect 
on seedling growth and plant height after treatment of seeds 
with gamma rays in Turnera ulmifolia. Kumar et aL (1993) 
reported reduction in germination, seedhng growth, plant height, 
number of branches, number of pods, number of seeds, test 
weight and seed yield per plant following treatments with single 
and combined doses of dES and gamma rays in Vicia faba. 
Singh et al. (1999) reported that combination treatments of 
gamma rays and EMS were more effective in producing 
chlorophyll mutations than their respective individual treatments. 
Waghmare and Mehra (2000) studied the genetic variability 
induced by gamma rays for quantitative characters in Lathyrus 
satiuus L. in M^ and M3 generation. Grain yield per plant, 
number of pods per plgint, number of seeds per pod and plant 
height showed a significant increased variability in both the 
generations while reduction in variability was observed in days 
to flowering, maturity, number of primary branches, pod length 
and number of seeds per pod. 
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MATERIALS AND METHODS 
In the present investigation, an attempt has been made to 
study the effect of physical and chemical mutagens (individually 
and in combination) on cytomorphological charac te rs in 
Capsicum annuum L. 
3.1 Materials 
The certified seeds of two veirieties of chilli viz. 'Pusa Jwala' 
and 'Pant Chilli-1' were obtained from the Indian Agriculture 
Research Institute (lARI), New Delhi. A brief comparison of the 
two species is given below in table 1. 
Table 1 : Salient features of the two varieties of Capsicum 
annuum L. 
S.No. 
1. 
2. 
3. 
4. 
5. 
Var.Pusa Jwala 
Plant height at maturity 
ranges from 50-60 cm. 
Leaves are ovate, large 
and dark green in colour. 
Flower pentamerous, 
white in colour. 
Fruits are pendulous 
in orientation. 
Size of fruit ranges from 
4-6 cm. 
Var. Pant Chilli-1 
Plant height ranges from 
40-50 cm. 
Leaves are ovate, smaller 
size and Hght green in 
colour. 
Flower pentamerous white 
in colour with violet tinge. 
Fruits are positioned in 
the upright direction. 
Size of fruit ranges from 
3-5 cm. 
{ 2 4 } 
3.2 Mutagens used 
The mutagens used include gamma rays, as physical 
mutagen and ethyl methane sulphonate (EMS) (Sigma chemicals 
Ltd. USA) as the chemical mutagen. Both these physical and 
chemical mutagens were used separately as well as in 
combination to Capsicum seeds are as follows, 
(1) Gamma Rays 
(a) 10 KR 
(b) 20 KR 
(c) 30 KR 
(d) 40 KR 
(2) EMS (CHgOSO^C^HJ 
(a) 0.15% 
(b) 0.25% 
(c) 0.50% 
(3) Gamma Rays+EMS 
(a) 20 KR + 0.15% EMS 
(b) 20 KR + 0.25% EMS 
(c) 20 KR + 0.50% EMS 
(d) 30 KR + 0.15% EMS 
(e) 30 KR + 0.25% EMS 
(f) 30 KR + 0.50% EMS 
3.3 Methods 
3.3.1 Treatment with physical mutagen 
The certified air dried seeds with 10% moisture content 
of the two varieties of Capsicum were subjected to treatment 
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with different doses of gamma rays (10, 20, 30 and 40 KR) at 
the Genetics Division, Jawaharlal Nehru University (JNU), New 
Delhi. Each dose comprised of 200 seeds in both the v£irieties. 
3.3.2 Presoaking of seeds 
Prior to the EMS treatment, one set of irradiated seeds 
of 20 and 30 KR (100 seeds of each dose) and another set of 
unirradiated seed (100 seeds for each treatment as well as 
controls) were presoaked in distilled water for 12 hours at 
25±2°C room temperature. 
3.3.3 Preparation of stock solution 
1% stock solution of EMS was prepared immediately 
before use by dissolving 1 ml of EMS in 100 ml of phosphate 
buffer and adjusted to neutral pH=7. 
There after various concentrations of EMS viz. 0.15%, 
0.25% and 0.50% were prepared by using the stock solution as 
per following equation, 
S.V, = S3V3 
Where, 
Sj = Strength of stock solution 
Vj = Volume of stock solution 
Sj = Strength of desired solution 
V^  = Volume of desired solution 
All the solutions were maintained at room temperature 
throughout the period of treatment. 
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3.3.4 Treatment with chemical mutagens 
The presoaked irradiated as well as unirradiated seeds 
were treated with different concentrations of EMS (0.15%, 0.25% 
and 0.50%) for 6hrs. The controls were kept untreated. Thus 
each separate as well as combination treatment comprised of 
100 seeds. During the chemical mutagenic treatment, the EMS 
solutions were shaken frequently in order to provide sufficient 
aeration to the seeds. 
After the t reatment period, the seeds were washed 
thoroughly in running tap water for 10-15 minutes in order to 
remove excess of the mutagen from the seed surface. 
3.3.5 Sowing of seeds 
Each set of 100 seeds from separa te as well as 
combination treatments along with controls were sown in the 
pots in three replicates in the second week of March. The pots 
were supplied with adequate water and manure and each pot 
was properly labelled according to the concentrations. 
3.3.6 Evaluation of M^  generation 
The following parameters were recorded in Mj generation, 
1. Seed germination 
The data on seed germination were recorded from the 
field experiment. The germination percentage was calculated by 
using the formula, 
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Number of seeds germinated 
Germination t%) x 100 
Number of seeds sown 
Inhibition percentage 
Percentage of inhibition was calculated from the data of 
seed germination by using the formula, 
Control-treatment 
Inhibition (%) = x 100 
Control 
The delaying effect of mutagen was recorded on the basis 
of the extra days taken for germination in the treated 
population as compared to control. 
2. Plant survival 
The surviving plants in different treatments as well as 
conrols were counted at the time of maturity and the survival 
percentage was computed out of the number of seeds 
germinated. 
Number of plEints at maturity 
Survival (%) = x 100 
Number of seeds germinated 
Lethality percentage 
Lethality percentage was calculated from the data of plant 
survival by using the formula, 
Control-treatment 
LethaUty (%) = x 100 
Control 
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3. Pollen fertility 
Pollen fertility was estimated for all treatments including 
control from the fresh pollen samples. The slides of fresh poUen 
grains were prepared by dusting poUen grains in a drop of 1% 
acetocarmine. The pollen grains which took stain and had 
reguleir outUne were considered as fertile, while the empty ones 
without stain and having irregular shape were considered as 
sterile pollen grains. The percentage of pollen fertility was 
calculated by using the formula, 
Number of fertile poUen grains 
Pollen fertility (%) = x 100 
Total number of pollen grains 
Reduction percentage 
Percentage of reduction or sterility was calculated by using 
the values of pollen fertility, in different treatments by using 
the formula, 
Control-treatment 
Reduction (%) = x 100 
Control 
4. Seedling abnormalities 
(i) Cotyledonary abnormalities 
Abnormalities in size, shape and number of cotyledons were 
calculated in terms of percentage by counting the number of 
seedUng showing cotyledonary abnormalities in each treatment 
by the following formula; 
Total number of seedlings showing 
cotyledonan' abnormality 
Cotyledonary abnormality xlOO 
Total number of seeds germinated 
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(ii) Abnormality in first pair of leaf 
Abnormalities in the size and shape of first pair of leaf of 
the seedlings were also calculated in terms of percentage by the 
following formula, 
Total number of seedlings with 
1st pair leaf abnormality 
Abnormality in 1st pair = xlOO 
of leaf (%) Total number of seeds 
germinated 
5. Cytological Studies 
Meiotic analysis 
For the study of meiotic behaviour of chromosomes, young 
flower buds of appropriate size were collected randomly from 
each concentration of M^  generation and fixed in 1:3 acetic-
alcohol supplemented with crystals of Ferric chloride for 24 
hours . After the fixation period, the material was washed 
thoroughly with distilled water and then transferred to 70% 
alcohol and kept in the refrigerator. 
For the preparation of sHdes, gmthers were squashed in a 
drop of 2% acetocarmine stain (Swaminathan et al, 1954). The 
slides were made permanent by using n-butylalcohol series 
(Bhaduri and Ghosh, 1954). Various cytological observations 
were recorded from these slides. Analysis of various stages of 
meiosis was done from the temporary as well as permanent 
slides chiefly at metaphase and anaphase stages. 
The frequency of different meiotic abnormali t ies were 
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calculated by using the following formula, 
Number of abnormal PMC's 
•• X 100 
Total Number of PMC's observed 
6. Chiasma frequency 
The frequency of chiasmata in treated as well as in control 
plants was estimated by observing 20-30 PMC's at random, 
from metaphase I stages and were analysed for chiasma 
frequency by using the formula, 
Total Number of Chiasmata 
Chiasma frequency/cell = 
Total number of cells 
Total number of Chiasmata per cell 
Chiasma frequency/bivalent = — 
Total number of bivalents 
7. Quantitative Traits 
The observations on following quantitative characters were 
recorded in M^  generation, 
(i) Plant height (cm) 
The height of the mature plants were measured from the 
point above the ground to the tip of the main axis of the 
plant. 
(ii) Number of branches per plant 
Number of branches per plant were recorded by counting 
aU the branches coming out from each node on the main stem 
in all the treatments along with the control. 
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(iii) Number of fruits per plant 
Number of fruits per plant were recorded by counting the 
total number of fruits borne on the plant at maturity in 
different treatments and control of both the varieties. 
(iv) Length of the fruit (cm) 
The length of the fruits was measured from randomly 
selected 10-15 fruits from each concentration as well as control. 
(v) Total fruit jrield per plant (g) 
Plant yield was the weight of total number of dried fruits 
harvested per plant at maturity. The yield of each plant was 
recorded in grams. 
3.3.7 Statistical analysis 
Observations recorded from different treatments along with 
control in M^  generation were subjected to statistical analysis 
with a view to find out the extent of variations induced by 
various mutagens, as indicated below, 
(i) Mean 
It is a measure of central tendency of distribution and is 
defined as the sum of all individual observations divided by the 
total number of observations. It is designated by x • 
(X, + X, + X, + XJ 
Mean (x) = '-^ '- ^^  ^ 
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of X= - ^ 
where, 
X = Arithmetic mean 
SX = Sum of 8ill values of the variable, X 
i.e. X ,^ X ,^ X3 X^ 
N = Number of observations 
(ii) Standard Deviation (S.D.) 
It is the positive square of average of s q u a r e s of 
deviations of all observations from their means . It is 
designated by a symbol 'o' (Sigma) and calculated by using 
the formula. 
S.D.(a)= p . -X)^4-(X,-X)^+ +(X„-X)^ 
or, S.D. = / < ^ ^ ^ 
V N 
where. 
X = Individual observation 
X = Mean of all observations 
N = Number of observations 
(iii) Standard Error (S.E.) 
It is defined as the rate of standard deviation to the 
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square root of total number of observations expressed in ±. The 
following formula was used to calculate S.E. 
S.D. of sample 
O. t . = 7= 
VN 
where, 
S.D. = Standard deviation 
N = Number of observations 
(iv) Coefficient of variation (C.V.) 
It measures the relative magnitude of variation present in 
observations relative to the magnitude of their arithmetic mean. 
It is defined as the ratio of standard deviation to arithmetic 
mean expressed as percentage. It was calculated by using the 
formula, 
C V = ^ X 100 
X 
where, 
S.D. = Standard deviation 
X = Arithmetic mean 
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OBSERVATIONS 
In the present investigation, an attempt has been made to 
observe the response of mutagens (both physical and chemical, 
individually and in combination) on various biological parameters 
as well as quantitative traits in two varieties of Capsicum 
annuum L. viz. 'Pusa Jwala' and 'Pant Chill i-l ' in M^  
genera t ion . The cytological a spec t s involving various 
chromosomal abnormalities and different chromosomal 
associations at different concentrations of mutagens were also 
analysed. To assess the amount of induced genetic vgiriability, 
the da ta were analysed s tat is t ical ly to make suitable 
conclusions. 
4.1 Studies in M^  generation 
The mutagenic effects of gamma rays and ethyl methane 
sulphonate (EMS) individually and in combinations were studied 
on seed germination, plant survival, pollen fertihty and certain 
morphological abnormalities at the seedling stage. For the 
identification of variations, the plants raised from treated seeds 
were compared with the untreated plants (control). 
4.1.1 Seed Germination 
The percentage of seed germination in control as well as in 
treated population of both the varieties was determined from 
the experiment conducted in the field. A gradual decrease was 
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observed in seed germination with increasing concentrations of 
mutagens in both the varieties. In the var. Pusa Jwala , 
maximum germination was recorded in 0.15% EMS (88.00%) 
and minimum in a combined treatment of 30KR+0.50% EMS 
(54.00%) as compared to the control, where it was 94.00% 
(Table 1). 
In var. Pant Chilli-1, the maximum value of germination 
was 82.00% in 0.15% EMS treatment while the minimum value 
was found as 52.00% in 30KR+0.50% EMS treatment as 
compared 92.00% in control. (Table 2). 
The percentage of inhibition increased from lower to higher 
concentrations in both the varieties. In var. Pusa Jwala, the 
minimum percentage of inhibition was recorded in lOKR 
treatment (14.89%) while the maximum inhibition was observed 
in 30KR+0.50% EMS combined treatment (42.55%), whereas, the 
var. Pant ChiUi-l showed percentage of inhibition as 21.74% in 
lOKR and 43.48% in 30KR+0.50% EMS combined treatment as 
minimum and maximum percentage of inhibition respectively. 
(Tables 1 & 2). 
The combination treatments were in general found more 
effective followed by gamma rays in reducing the germination 
percentage in both the varieties. EMS was least effective in this 
regard. 
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4.1.2 Plant survival 
Data on plant survival was recorded in Mj generation. The 
plant survival decreased with an increase in concentrations in 
both the varieties. The maximum plant survival was found in 
0.15% EMS treatment and the minimum was recorded in a 
combined treatment of 30KR+0.50% EMS in both the varieties 
(tables 1 & 2). 
The lethality percentage increased with the increase in 
mutagenic treatments in both the varieties. The highest lethality 
was recorded as 37.71% (30KR+0.50% EMS) and 39.29% (40 
KR) in the var. Pusa Jwala and Pant Chilli-1 respectively. 
Combination treatments of gamma rays and EMS in general 
proved to be most effective in reducing the survival percentage. 
4.1.3 Pollen fertility 
The pollen fertihty was estimated in control as well as in 
treated population by using the method of stainability of pollen 
grains in both the varieties. In var. Pusa Jwala, the poUen fertility 
ranged from 89.69% to 57.27% in different concentrations as 
compared to 97.61% in the control. (Table 1). 
In the treated population of var. Pant Chilh-1, the pollen 
fertility ranged from 82 .62% to 57 .38% in different 
concentrations while in control, it was recorded as 95.86% 
(Table 2). 
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In general, the poUen fertility decreased and consequently 
the sterility increased with an increase in mutagenic treatments 
in both the varieties. The maximum sterility was noticed in the 
combination treatments followed by gamma rays and EMS. 
AU the biological parameters viz. germination, survival and 
pollen fertility decreased with the increase in dose of the 
mutagen. The order of effectiveness among different mutagens 
was found as y-rays+EMS>y-rays>EMS in both the varieties. 
Moreover, maximum damage was observed in var. Pant Chilli-1 
as compared to var. Pusa Jwala with a few exceptions 
indicating its greater sensitivity to the mutagenic treatments. 
4.1.4 Cotyledonary and leaf abnormalities 
Certain abnormalities in cotyledons and first pair of leaf 
were observed in the treated population of Capsicum in both 
the varieties. Three categories of such abnormalities were 
observed, viz. seedlings with notched, rounded and reduced P' 
pmr of leaf, seedlings with distorted lamina of P' pair of leaf 
and seedlings with three cotyledonary leaves. These 
abnormaUties did not show any definite trend with an increase 
in the mutagenic t reatments . However, the combination 
t reatments of gamma rays and EMS induced maximum 
abnormalities than their separate treatments. Gamma rays 
induced comparatively more abnormalities in var. Pusa Jwala, 
whereas, EMS and combination treatments were almost equally 
effective in both the varieties. (Table 3) (Plate3). 
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4.1.5 Meiotlc studies in M^  generation 
To estimate the potency of mutagens and the mutation 
response of a genotype, the chromosomal behaviour with respect 
to meiosis is considered to be one of the most rehable indices. 
Induction of structural rearrangements is one of the important 
way of achieving new recombinations which are rarely obtained 
by the conventional methods. Cytogenetic s tudies provide 
information regarding the response of various genotypes to a 
particular mutagen. The cytologiced abnormalities during meiosis 
has been regarded as one of the dependable parameters for 
estimating mutagenic sensitivity of a species. The study of the 
structure and behaviour of chromosomes during meiosis, 
especially the occurrence of univalents and multivalents throws 
light on the induced chromosomal alterations, resultant sterility 
and other related aspects. 
The present investigation was undertaken with a view to 
analyse objectively the chromosome associations and chiasma 
frequency during meiosis in control and treated population in two 
varieties of chilli. The diploid chromosome number in both the 
varieties of chilli was found to be 2n=24. In control the meiosis 
was normal with 12 bivalents at diakinesis (Fig.l) and metaphase 
I. The treated plants exhibited variable frequency of abnormalities 
which were not observed in control population. Data on the 
frequency of various meiotic abnormalities and the types of 
abnormal PMC's are shown in the table 4 86 5'(plates 5 to 7). 
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1. Abnormalities at Metaphase 
At metaphase, various abnormalities included stickiness of 
chromosomes, precocious separation, presence of univalents and 
multivalents and desynapsis of chromosomes. 
Stickiness was one of the most common abnormality 
observed in the present investigation. The maximum frequency 
of stickiness was recorded as 6.48% and 8.71% at 30KR+0.50% 
EMS in the var. Pusa Jwala and Pant ChilU-1 respectively. 
Precocious separation of chromosomes was observed in the 
treated population but comparatively in a low frequency. 
However, the highest frequency was recorded as 2 .36% 
(30KR+0.50% EMS) and 1.94% (30KR+0.15% EMS) in the var. 
Pant Chilli-1 and Pusa Jwala respectively. 
Univalents were of common occurrence in t reated 
population in both the varieties while they were absent in 
control. The number of univalents ranged from 1 to 12 and 
sometimes more in a single cell. The maximum frequency of 
univalents 7 .73% was found in a combined t reatment of 
30KR+0.25% EMS in var. Pusa Jwala and 5.36% at 40KR in 
var. Pant ChiUi-l. 
Multivalents were also observed in treated population in 
both the varieties. Different multivalent associations included 
trivalents, tetravalents, hexavalents etc. The maximum frequency 
of multivalents (3.46%) was found in 40KR in the var. Pusa 
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Jwala, while in var. Pant Chilli-1, the highest frequency was 
recorded as 3.57% in 30KR+0.25% EMS treatment. 
Desynapsis is a unique orientation of chromosomes formed 
due to separation of bivalents. This was observed in small 
frequency in var. Pusa Jwsda only. The maximum frequency of 
desynaptic cells was recorded in 30KR gamma irradiated 
population (0.94%). 
2. Abnormalities at Anaphase 
The studies on the abnormalities at anaphase were mainly 
concerned with the frequency of laggards, bridges, 
unsynchronized movement of chromosomes and unequal 
distribution of chromosomes. In control population, anaphase 
was normal showing 12:12 distribution on each pole. 
The laggards were one of the most common abnormalities 
observed in the treated population of both the varieties. The 
maximum frequency of laggards (4.58%) was found in a 
combined treatment of 30KR+0.50% EMS in var. Pusa Jwala 
while in var. Pant Chilli-1 their frequency was found to be 
3.42% in 30KR+0.50% EMS treatment. 
Bridges were recorded more frequently in higher doses of 
mutagens, with a few exceptions. The maximum frequency of 
bridges (0.81%) was found in 20KR+0.50% EMS treatment in 
var. Pusa Jwala while in var. Pant Chilli-1, their frequency was 
recorded to be 2.00% in 30 KR+0.50% EMS treatment. 
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The unequal distribution of chromosomes at anaphase was 
another common abnormality observed in the treated population. 
The highest frequency of such abnormal PMC's was observed at 
20KR+0.50% EMS (3.70%) and (2.05%) in the varieties Pant 
Chilli-1 and Pusa Jwala respectively. 
3. Abnormalities at telophase 
The meiotic abnormalities at telophase included laggards, 
disturbed polarity and presence of micronuclei. In var. Pusa 
Jwala , the maximum frequency of laggards (2.48%) was 
observed in 30KR+0.50% EMS treatment while in var. Pant 
Chilli-1, the frequency was recorded as (3.46%) in a combined 
treatment of 30KR+0.15% EMS. 
Disturbed polarity at telophase was also recorded in both 
the varieties which leads to the formation of unequal nuclei 
later on. The maximum frequency of disturbed telophase was 
observed in 20KR+0.50% EMS (1.81%) in var. Pusa Jwala while 
in var. Pant Chilli-1 it was maximum in 30KR+0.25% EMS 
treatment (2.57%). 
Micronuclei are formed as a result of unsynchronized 
movement of chromosomes followed by their clumping. In both 
the varieties, micronuclei were recorded but in low frequency. 
In var. Pusa Jwala, the maximum frequency of micronuclei 
(0.92%) was recorded in 30KR treatment while in var. Pant 
Chilli-1, its values was 2.01% in a combined treatment of 
20KR+0.15% EMS. 
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Cytomixis generally refers to the migration of chromatin 
from one cell to the other through C3^oplasmic connections. The 
phenomenon of cytomixis was observed in both the varieties. 
The maximum frequency of cytomixis (1.40%) was recorded in a 
combined treatment 20KR+0.25% EMS in var. Pusa Jwala while 
in var. Pant Chilli-1, it was recorded as 1.65% in 0.50% EMS 
treatment. 
In gene ra l , t he overa l l frequency of c h r o m o s o m a l 
abnormalities increased with an increase in mutagenic treatment 
in bo th the v a r i e t i e s . The order of ef fect iveness was y-
rays+EMS>gamma rays>EMS. Among different types of meiotic 
abnormalities univEdents followed by stickiness, multivalents and 
laggards recorded the highest frequency in both the varieties. 
Maximum frequency of meiotic aberrations were observed in the 
var. Pant Chilli-1 as compared to vgir. Pusa Jwala. 
4.1.6 Chiasma frequency 
Chiasma frequency character ises pairing of homologous 
c h r o m o s o m e s a t me io s i s and cont ro ls t h e degree of 
recombinat ion bes ides influencing fertility. It provides the 
organism a mechanism for adaptation to new habitats. Chiasma 
frequency is a cons tan t and genetically controlled character 
which does not vary much unless the plants are subjected to 
any change at genet ic level by mutagens or envi ronment . 
Mutagenic agents are known to bring about changes in chiasma 
{ 43 } 
frequency. In the present work, the chiasma frequency was 
calculated at metaphase I in both control and t reated 
population of both the varieties of chilli. (Tables 6 & 7). 
The chiasma frequency in control plants of var. Pusa Jwala 
was recorded as 18.3±0.57 per cell. The chiasma frequency in 
treated population ranged from 12.7±0.67 per cell to 17.9±0.61 
per cell as minimum and maximum chiasma frequency in 
30KR+0.50% EMS and 0.15% EMS respectively. Generally, the 
chiasma frequency decreased with increasing concentrations of 
all the mutagens except in 30KR+0.15% EMS where it increased 
slightly £Uid again decreased in the higher concentrations. 
The chiasma frequency per bivalent in var. Pusa Jwala 
varied from 1.06±0.10 per bivalent to 1.49±0.08 per bivalent in 
30KR+0.50% EMS and 0.15% EMS as minimum and maximum 
value as compared to the control (1.53±0.05 per bivalent) (Table 
6). 
In var. Pant Chill-1, the chiasma frequency per cell in 
control population was recorded as 17.2±0.44 per cell while in 
treated population, the maximum chiasma frequency per cell 
was recorded in 0.15% EMS (16.2±0.66 per cell) and minimum 
was recorded in 30KR+0.25% EMS treatment (10.8±0.65 per 
cell). The chiasma frequency of this variety decreased with 
increasing concentrations with a few exceptions. 
Chiasma frequency per bivalent in control was recorded as 
{ 44 } 
1.43±0.03 while in treated population, its maximum and 
minimum frequency was recorded in 0.15% EMS (1.35±0.10 per 
bivalent) and 30KR+0.50% EMS combined treatment (0.97±0.04 
per bivalent) respectively. A decrease in the chiasma frequency 
was observed mainly due to the reduction in the frequencies of 
ring bivalents and increase in the rod bivalents and univalents 
in the treated population. (Table 7). 
4.1.7 Quantitative Studies 
The mutagenic effects of various treatments were studied 
on different quantitative characters in both the varieties to 
assess the extent of induced variability in Mj generation. 
1. Plant height (cm) 
The data recorded on plant height in treated as well as in 
control population is presented in table 8. The plant height 
showed a decreasing trend with increasing concentrations of 
mutagens. In var. Pusa Jwala, the maximum mean value of 
plant height (61.71 cm) was recorded in 20KR+0.15% EMS 
treatment, followed by (58.33cm) in 20 KR+0.25% EMS and 
(56.89 cm) in 0.15% EMS treatment while the minimum plant 
height was observed in 40 KR treatment (40.82 cm) as 
compared to (58.52 cm) in control. (Plate 1). 
In var. Pant Chilli-1, the highest mean value of plant 
height (46.18 cm) was recorded in combined treatment of 20 
KR +0.25% EMS and the lowest mean value was recorded as 
{ 4 5 } 
(27.26cm) in 40 KR treatment as compared to (49.23 cm) in 
control. (Plate 2). 
The coefficient of variation was high in all treatments as 
compared to control in both the varieties. Maximum coefficient 
of variation was recorded as 18.50% (30 KR) and 19.62% (20 
KR+0.15% EMS) in the vars. Pusa Jwala and Pant Chilli-1, 
respectively. 
2. Number of branches per plant 
In the var. Pusa Jwala, the highest mean value for number 
of branches per plant (8.9) was found in 0.15% EMS and the 
lowest value (6.7) was recorded in combined treatment of 30 
KR+0.50% EMS as compared to 9.1 branches per plant in control. 
(Table 9). 
In var. Pant Chilli-1, the highest mean value (8.2) was 
recorded in 0.15% EMS treatment and lowest mean value was 
found in 40KR treatment (5.2) as compared to control (8.4), 
(Table 9). 
In general, the number of branches per plant decreased in 
both the varieties with an increase in mutagenic treatment. The 
combination treatments were more effective in reducing the 
mean number of branches per plant. The coefficient of variation 
was high in the treated population. Maximum coefficient of 
variation was recorded as 23.90% (30KR+0.25% EMS) and 
20.00% (20KR+0.50% EMS) in the var. Pusa Jwala and Pant 
{ 46 } 
Chilli-1, respectively (Table 9). 
3. Number of fruits per plant 
The data recorded on number of fruits per plant are 
presented in the table 10. 
In var. Pusa Jwala, the maximum number of fruits per 
plant (19.6) was recorded in 0.15% EMS treatment and the 
minimum number of fruits (12.3) were recorded in 40 KR 
treatment as compared to 19.8 fruits per plant in control . 
In var. Pant Chilli-1, the mean number of fruits per plant 
was recorded as 16.4 in control population while in the treated 
population, the maximum number of fruits (15.2) were recorded 
in 0.25% EMS and their minimum number (7.8) were recorded 
in 30KR+0.5% EMS treatment. 
In general , all the mutagenic t reatments reduced the 
number of fruits per plant, the maximum reduction being 
recorded at higher treatments. Combination treatments were 
most effective followed by gamma rays in reducing the number 
of fruits per plant. The coefficient of variation was high in all 
mutagenic treatments and in both the varieties as compared to 
control. The highest CV was recorded as 20.02% (40KR) and 
23.50% (30KR+0.50% EMS) as compared to control in the var. 
Pusa Jwala (13.19%) and Pant ChiUi-l (15.59%) respectively. 
4. Length of the fruits (cm) 
The length of the fruits in var. Pusa Jwala ranged from 
{ 47 } 
4.76 cm to 3.21 cm as maximum and minimum in 0.15% EMS 
and 40KR treatments respectively as compared to control (4.83 
cm). 
In var. Pant Chilli-1, the maximum length of the fruits 
(4.37 cm) was recorded in the combined t rea tment of 
20KR+0.15% EMS while the minimum length (3.31 cm) was 
recorded in 40 KR as compared to control (4.22 cm), (Table 
11). 
In general, the fruit length decreased in all mutagenic 
t reatments as compared to control in both the variet ies. 
Maximum decrease in fruit length was noticed in higher 
t rea tments of all mutagens . A considerable increase in 
coefficient of variation was observed in the treated population. 
The highest CV was recorded as 23.78% (30KR+0.15% EMS) 
and 20.66% (0.50% EMS) as compared to control (16.74%) in 
the var. Pusa Jwala and (14.17%) in Pant Chilli-1 respectively. 
5. Total fruit jrield per plant (g) 
The data recorded on total yield per plant in Capsicum sp. 
are presented in table 12. The maximum plant yield (4.89g) 
was recorded in 0.15% EMS treatment in var. Pusa Jwala and 
its minimum value (2.58 g) was observed in 40KR treatment 
while in control it was recorded as 4.96g. 
In var. Pant Chilli-1, the maximum and minimum plant 
yield was recorded as 4.12 g in 0.25% EMS and 2.32 g in 
{ 48 } 
30KR+0.50% EMS treatments respectively as compared to 4.18g 
in control. 
In general, all the mutagenic treatments showed reduction 
in mean fruit yield per plant as compared to control, the 
maximum reduction being towards the higher t reatments. 
Combination treatments were most effective followed by gamma 
rays in reducing the fruit yield per plant. The coefficient of 
variation was significantly high in the treated population. The 
maximum CV was recorded as 20.18% (30KR+0.50% EMS) and 
19.52% (30KR) as compared to (11.08%) and (13.68%) in 
controls of vars. Pusa Jwala and Pant Chilli-1, respectively. 
(Plate 4). 
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Table 3: Effect of Gamma Rays, EMS and their combinat ions on 
frequency of different cotyledonary and leaf abnormalities 
in Capsicum annuum vars. Pusa Jwala and Pant Chilli-1. 
Treatments 
abr 
Control 
Gamma Rays 
10 KR 
20 KR 
30 KR 
40 KR 
EMS 
0.15% 
0.25% 
0.50% 
Gamma Rays+EMS 
20 KR+0.15%'EMS 
20 KR+0.25% EMS 
20 KR+0.50% EMS 
30 KR+0.15% EMS 
30 KR+0.25% EMS 
30 KR+0.50% EMS 
rype ot 
lormality 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Abnormality (%) 
var. Pusa Jwala var. 
-
-
-
5.00 
2.50 
-
7.89 
2.63 
-
10.81 
-
5.41 
8.57 
5.71 
-
4.55 
2.27 
2.27 
2.38 
-
4.76 
4.88 
2.44 
-
5.71 
2.86 
-
9.09 
12.12 
3.03 
-
-
9.38 
10.00 
-
13.33 
_ 
7.14 
-
11.11 
7.41 
-
Pant Chilli-1 
-
-
-
2.28 
2.28 
-
2.86 
5.71 
-
6.25 
-
3.13 
-
3.33 
-
2.44 
4.88 
-
2.56 
5.13 
-
7.89 
2.63 
-
5.88 
-
-
6.25 
-
9.38 
9.68 
12.90 
13.79 
_ 
-
11.11 
14.81 
-
11.54 
15.38 
7.69 
Type 1 : Seedlings with notched, rounded & reduced I" pair ofleaf. 
Type 2 : Seedlings with distorted lamina of I" pair of leaf. 
TVpe 3 : Seedlings with three cotyledoneirj' leaves. 
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PLATE -I 
EXPLANATION OF FIGURES 
Var. Pusa Jwala- control (left side) 
Fig. 1 Increased plant height at 20KR gamma rays. 
Fig. 2 Reduced plant height at 40KR gamma rays. 
Fig. 3 High yielding bushy variant showing increase 
in n u m b e r of fruits per p l a n t s i so la ted in 
0 .25% EMS. 
PLATE -1 
PLATE -II 
EXPLANATION OF FIGURES 
Var. Pant Chilli-1 (control left side) 
Fig. 4 Reduction in p lant height at 10 and 20 KR 
gamma rays. 
Fig. 5 A plant showing vigorous growth with increased 
number of fruits isolated in 0.50% EMS treatment. 
Fig. 6 A high yielding plant with increased number of 
fruits isolated in 30 KR+ 0.15% EMS treatment. 
PLATE - II 
PLATE-III 
EXPLANATION OF FIGURES 
Fig. 7 Control seedling of var. Pant Chilli-1. 
Fig. 8 Control seedling of var. Pusa Jwala. 
Fig. 9 Seedling showing three cotyledons and reduction in 
their size in var. Pant Chilli-1. (20KR+0.25%EMS). 
Fig. 10. Seedling showing reduced size of the three 
cotyledons in var. Pusa Jwala. (0.5% EMS). 
Fig. 11 Seedling showing reduced size of 1*' pair of leaf 
in var. Pant Chilli-1. (0.25% EMS) 
Fig. 12 Seedling showing reduced size of l" pair of leaf 
in var. Pusa Jwala. (40 KR). 
PLATE - III 
PLATE -IV 
EXPLANATION OF FIGURES 
Control - (Left side) 
Fig. 13 Photograph showing variation in the number and 
size of petals isolated from the treated population 
of var. Pusa Jwala. 
Fig. 14 Photograph showing variation in the size of fruits 
in different treatments of var. Pusa Jwala. 
Fig. 15 Photograph showing variation in the size of fruits 
in different treatments of var. Pant Chilli-1. 
PLATE - IV 
14 
15 
PLATE V 
EXPLANATION OF FIGURES 
Fig. 1-25 (all X 1000): Types of chromosomal abnormalities 
induced by gamma rays, EMS and their combined 
treatments in Capsicum annuum L. 
Fig. 1. PMC showing 12 bivalents at diakinesis. (Control) 
Fig. 2 PMC showing 1 +7 +7 at metaphase-I. 
:V 11 1 
Fig. 3 PMC showing 1 +6 +8 at metaphase-I 
Fig. 4 PMC showing stickiness of bivalents at metaphase-I 
Fig. 5 PMC showing presence of univalents and stickiness 
at metaphase-I. 
Fig. 6 PMC showing 2 + 1 + 3 + 7 at metaphase-I 
Fig. 7 PMC showing 8"+8 at metaphase-I 
Fig. 8 PMC showing desynapsis at metaphase-I 
PLATE - V 
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PLATE VI 
EXPLANATION OF FIGURES 
Fig. 9 PMC showing chromosomal configurat ion of 
, IV ,111 , 1 1 ^ 1 , 
1 +1 +4 +9 at metaphase-I 
Fig. 10 PMC showing d i s t r ibu t ion of u n i v a l e n t s at 
metaphase-II 
Fig. 11 PMC showing mult ivalent associat ions and 10 
univalents at metaphase-I 
Fig. 12 PMC showing 24 univa len ts s ca t t e r ed at 
metaphase-I (Desynapsis) 
Fig. 13 PMC showing u n e q u a l segregation and non-
disjunction of univalents at anaphase-I 
Fig. 14 PMC showing 1 +1 +1 +15 at ch romosoma l 
configuration. 
Fig. 15 PMC showing stickiness and lagging chromosomes 
at anaphase-I 
Fig. 16 PMC showing stickiness and lagging chromosomes 
at anaphase-II 
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PLATE VII 
EXPLANATION OF FIGURES 
Fig. 17 PMC showing 1 +8 +4 at metaphase-I 
Fig. 18 PMC showing 1' +3 +14 at metaphase-I 
Fig. 19 PMC showing stickiness and precocious movement 
of chromosomes at metaphase-II 
Fig.20,21 PMC's showing clumping and lagging chromosomes 
at early telophase-I 
Fig. 22 PMC's showing cytomixis between two desynaptic 
cells. 
Fig.23,24 PMC's showing disturbed telophase II with lagging 
chromosomes. 
Fig. 25 PMC showing formation of micronuclei at telophase II. 
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DISCUSSION 
The induction of mutation has been found to be an useful 
tool in the crop improvement programmes. Mutagens have 
remarkable possibilities of inducing genetic variability and 
improving plants with regard to their quali tat ive and 
quantitative traits. The study of biological damage in terms of 
inhibition, lethality, sterility and seeding injury in Mj generation 
are generally used to evaluate the mutagenic sensitivity of the 
biological system under investigation. 
In the present investigation, the sensitivity of plants to 
physical and chemical mutagens and their combinations has 
been measured in terms of seed germination, survival at 
maturity, pollen fertility and chromosomal aberrations in M^  
generation in two varieties of Capsicum annuum L. 
Seed germination is an important parameter to estimate the 
induced effect of mutagens on metabolism resumed after the 
period of dormancy. A gradual decrease in percent germination 
with increasing concentration of mutagens was observed during 
present study. Such a dose dependent reduction in germination 
has also been reported in Sorghum (SreeRamulu, 1972), Capsicum 
annuum L. (Reddy and Rao, 1982), Chloris gayana (Krishna et al., 
1984), Lycopersicon esculentum (Jayabalan and Rao, 1987), 
Trigonella foneum- graecum (Jain and Agarwal, 1993; Anis and 
Wani, 1997) etc. 
{ 5 0 } 
Several causes have been reported to be responsible for 
inhibition in germination. Srivastava (1979) considered the 
reduction in germination percentage due to weakening and 
disturbances of growth processes regulated in early elimination 
of seedlings. Krishna et ah, (1984) considered that the inhibition 
of germination is an immediate effect of mutagens on seeds, 
the extent depending on the type and dose of the mutagen 
used. It may be due to interaction between the mutagen and 
the seed cell system. The imbibed mutagen in the cell may 
imbalance the cell system and inhibit the normal metabolic 
activity. The inhibition of growth regulators and metabolic 
dis turbances during germination may also be one of the 
reasons for reduced germination (Sideris et al., 1971; Aman, 
1986). 
It has been observed that mutagens, besides reducing the 
percentage of seed germination, also cause a remarkable delay 
in the initiation of seed germination. The delayed germination 
as observed in the present investigation has also been reported 
in other plants following mutagenic treatments (Singh et al, 
1978; Rao, 1983; Vandana and Dubey, 1988). 
The survival of seedlings raised from treated population 
decreased with an increase in mutagenic treatments. Such a 
dose dependent reduction in plant survival has also been 
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reported in Vigna (Subramanian, 1980), Trigonella foenum-
graecum (Abbasi, 2000), chickpea (Wani, 2000). The reduction in 
survival percentage of the treated population could be due to 
disturbances in the physiological and cytological processes or 
chromosome damage leading to mitotic arrest. Reduction in 
survival of seedlings with an increase in mutagenic treatment 
has also been reported in many crop species (Siddiq and 
Swaminathan, 1968a; Singh and Godward, 1974; Kalia, 1984). 
The poUen fertility is considered to be one of the important 
parameters to assess the effectiveness of mutagenic treatments. 
In the present investigation, varying degree of sterility was 
observed in the treated population. The pollen fertility decreased 
and consequently sterility increased with an increase in 
mutagenic treatments. Similar results were also reported by 
Sinha and Godward (1972) in Lens cmlinaris, Jayabalan and Rao 
(1987) in Lycopersicon esculentum, Ignacimuthu and Babu (1988) 
in urd and mung beans, Reddy (1991) in barley and wheat, 
Reddy £ind Annadurai (1992) in lentil, Anis and Wani (1997) in 
Trigonella foenum-graecum, Vandana and Dubey (1998) in Vicia 
faba, Anis et al. (2000) in Capsicum annuum. 
The increase in pollen sterility may be due to the presence 
of different chromosomal abnormali t ies like s t ick iness , 
univalents, bridges, laggards etc, observed in treated population. 
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Several workers have also reported chromosomal abnormalities 
to be the main cause of pollen sterility in the treated 
population (Sinha and Godward, 1972; Tarar and Dnyansagar, 
1979; Reddy and Rao, 1982; Krishna et al, 1984; Zeerak, 
1992). 
However, cryptic structural changes in the chromosome 
such as deletions may also be responsible for sterihty (Sato and 
Gaul, 1967). 
An important observation in the present investigation 
revealed that combination treatments of gamma rays and EMS 
were most effective in causing biological damage than their 
respective individual t reatments . Higher effectiveness of 
combination treatments for various biological parameters have 
also been reported by many workers (Khalatkar and Bhatia, 
1975; Ignacimuthu and Babu, 1988; Venkateswarlu et al, 1988; 
Zeerak, 1992; Kumar et al, 1993; Arumugam et al, 1997). 
According to Sharma (1972), the synergistic effect of 
combination treatments may be firstly because the first mutagen 
makes accessible otherwise non available sites for the reaction 
to the second mutagen and secondly because pre-mutational 
lesions induced by the first mutagen becomes fixed due to an 
inhibitory effect of the second mutagen on repair enzymes. Both 
these pathways should yield a frequency of mutations higher 
{ 53 } 
than the total of the two mutagens appUed individuEilly. 
In the present investigation, several cotyledonary and leaf 
abnormalities were observed in the treated population. The 
variation in shape, size and number of cotyledonary leaves were 
the common effects of mutagenic treatments. These cotyledonary 
and leaf abnormalities did not show any dose dependent 
relationship and were found comparatively more or less similar 
in both the varieties. Such variants have also been reported in 
Rice (Bose and Chowdhury, 1968), lentil (Sharma and Kant, 
1975), mungbean (Chaturvedi and Singh, 1981), chilli (Khan, 
1983; Sharma, 1994). The factors which axe responsible for the 
induction of these abnormalities due to mutagenic agents are 
not well known. However, according to Devreux and Mungnozza 
(1964) the general disturbance in metabolic pathway due to 
mutagenic treatment may be one of the important factors 
responsible for such abnormal i t ies . The chromosomal 
abnormahties and cryptic structural changes in the chromosome 
may also be one of the reason of such abnormal types. 
The ionising radiations and chemical mutagens like ethyl 
methane sulphonate (EMS) are known to affect a wide rgmge of 
chromosomal alterations resulting into abnormal behaviour 
during meiosis, leading to varying degree of sterility. Moreover, 
the cytological abnormalities during meiosis have been regarded 
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as one of the dependable parametdis' for .estjnii^afg mutagenic 
sensitivity. The effect of physical and chemical mutagens on 
chromosomal behaviour during mitosis and meiosis have been 
reported earlier in Capsicum annuum (Singh and Gupta, 1988; 
Anis et ah, 2000; Dhamayanthi £md Reddy, 2000), Lycopersicon 
esculentum (Jayabalan and Rao, 1987), Trigonella foenum-graecum 
(Anis and Wgmi, 1997) and in mginy other crops. 
A number of meiotic abnormalities such as stickiness, 
univalents, multivalents, precocious separation, laggards, bridges, 
unequal distribution of chromosomes, micronuclei and cytomixis 
were observed in the treated population in both the varieties of 
Capsicum. The frequency of each meiotic abnormalities in 
different concentra t ions was varying. In general , a dose 
dependent increase in meiotic aberration was observed in the 
treated population. Besides, combination treatments induced 
maximum frequency of aberrations followed by gamma rays in 
both the varieties. Dose dependent increase in meiotic 
aberrations have also been reported by many workers (Tarar 
and Dnyansagar, 1979; Reddy and Rao, 1982; Jayabalan and 
Rao, 1987; Zeerak, 1992). 
The stickiness of chromosomes observed in the treated 
population may be as a result of partial dissociation and 
altered pattern of organization of nucleoprotein (Katiyar, 1978). 
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Rao and Laxmi (1980) and Jayabalan and Rao (1987) reported 
that stickiness at meiosis was due to the disturbances in 
cytochemicaUy balanced reactions by the secondary effect of the 
mutagens. 
The univalent formation at metaphase was one of the most 
common abnormality observed in present investigation. The 
univalents ranged from 1 to 12 per PMC and these were later 
on found as laggards at anaphase and telophase stages. The 
occurrence of univalents could be due to desynapsis observed 
during the diakinesis in the present study. The univalent 
formation has also been reported by many workers in different 
crops (Jayabalan and Rao, 1987; Reddy et al, 1991; Anis and 
Wani, 1997). The occurrence of univalents at metaphase and 
their random distribution in the cell and formation of 
micronuclei seem to be the outcome of some disturbances 
during the pairing of the homologous chromosomes. According 
to Kaul and Nirmala (1993) univalents occur due to asynapsis 
or desynapsis, where univalency is complete, asynapsis is 
presumed and where univalents were partial, desynapsis is 
inferred. 
Different associations of multivalents such as trivalent, 
tetravalent and hexavalents were observed during the present 
investigation. Such multivalents have been also reported in chilli 
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(Anis and Sharma, 1997), Trigonella foenum-graecum (Anis and 
Wani, 1997), Vigna radiata (Singh et al, 1999). 
The multivalent formation may be due to irregular pairing 
and breakage followed by translocations £ind inversions (Zeerak, 
1992). According to Lee (1955) and Srivastava (1979) broken 
ends of the chromosomes when fused at random may bring 
about unequal changes giving rise to multivalents. 
The occurrence of laggards as noticed in the present study 
were also reported in different crops by various workers such 
as Mishra and Raghuvanshi (1988) in Trigonella foenum-graecum, 
Reddy et al, (1991) in barley and wheat, Reddy et al, (1992) 
in lentil, Vandana et al, (1996) in Vicia faba, Anis et al, 
(2000) in Capsicum annuum. Laggards may be formed due to 
delayed terminalization or due to stickiness of chromosome 
ends. According to Kalloo (1972), Tarar and Dnyansagar (1980) 
and Das and Roy (1989) laggards appear because the spindle 
fibers failed to carry respective chromosomes to polar regions 
due to the effect of mutagens. In the present material, laggards 
might have resulted due to delayed terminalization, stickiness of 
chromosome ends, failure of chromosome movement or due to 
discrepancies in spindle formation. 
The occurrence of chromatin bridges without fragments 
were observed at anaphase and telophase stages in the present 
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study. The occurrence of bridges with or without fragments can 
be attributed to the general stickiness of the chromosomes at 
metaphase stage or breakage and reunion of chromosomes. 
Similar bridges have also been reported by many workers in 
different crops (Dixit and Dubey, 1986; Reddy et al, 1992; Anis 
and Wani, 1997; Anis et al, 2000). 
The normal disjunction and distribution of chromosomes 
was disturbed in the treated population. Instead of normal 
12:12 segregation, sometimes 10:14, 11:13 and so on 
segregations were observed. Sometimes all the bivalents were 
observed at anaphase poles due to non-disjunct ion of 
chromosomes. The unequal disjunction of chromosomes at 
anaphase may arise due to early or delayed separation of 
bivalents or the failure of normal disjunction of bivalents. 
Similar results have been reported by many workers (Reddy and 
Rao, 1982; Dixit and Dubey, 1986; Kaul and Nirmala, 1993). 
The d is turbed spindle mechanism and s t ickiness of 
chromosomes may also result in unequal separation. 
Cytomixis generally refers to the migration of chromatin 
from one cell to the other through cytoplasmic connections. 
Cytomixis usually leads to abnormal PMC's which rarely or 
never show any viability. The cytological aberrations produced at 
the end of cytomixis are more often non-hereditary and hence 
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are of little significance. The possible causes attributed to 
cytomixis are mechanical injury or pathological conditions 
(Bobak and Herich, 1978) and temperature (Narain, 1979) etc. 
However, the ac tua l cause of cytomixis are not clearly 
understood. It is not known whether the control is genetical, 
physiological, biochemical or environmental. 
Chiasma frequency characterises the pairing of homologous 
chromosomes at meiosis and controls the degree of 
recombinations besides influencing fertility. It provides the 
organism with a mechanism for adaptation to new habitats 
(Sun and Rees, 1964). Extensive studies on chiasma frequency 
have been made by many workers. Mutagenic agents are known 
to bring about changes in chiasma frequency. Bennet and Rees 
(1970) in rye, Umrao (1974) in Delphinium and Nerker (1977) in 
Lathyrus observed an increase in chiasma frequency after 
mutagenic treatments. On the other hand several workers, Goud 
(1967) in wheat, Prasad and Godward (1969) in Phalaris, 
SreeRamulu (1971) in Sorghum and Sinha and Roy (1976) in 
Phaseolus reported a reduction in chiasma frequency. 
In the present investigation, the chiasma frequency per 
bivalent as well as per PMC decreased in all mutagenic 
treatments in both the varieties of Capsicum. The reduction in 
chiasma frequency may be attributed to the nature and potency 
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of the mutagens and also to the underlying factors such as 
complex structural changes or due to change in the nature of 
the gene responsible for chiasma formation (Anis and Sharma, 
1997). Rees (1955) showed that crossing over and chiasma 
formation are under genetic control where as Gottschalk and 
Klein (1976) reported that chiasma formation and frequency is 
controlled by large number of genes. The low chiasma frequency 
in the treated population may also be attributed to the failure 
of complete pairing. Reduction in chiasma frequency after 
mutagenic treatments have also been reported by memy workers 
in different crops (Singh et al., 1977; Sadanandam and 
Subhash, 1984; Lakshmi et al., 1988; Jayabalan and Rao, 
1987; Anis and Sharma, 1997). 
The occurrence of large number of univalents in the treated 
population may also be one of the reasons of reduction in 
chiasma frequency. Similar resul ts have been reported in 
Delphinium (Jgiin and Basak, 1965). 
Studies on various quantitative traits in M^  generation 
revealed the inhibitory effect of physical and chemical mutagens. 
The mean values of almost all quantitative traits viz. plant 
height, number of branches, number of fruits per plant, length 
of the fruits and total fruit yield per plant showed a decreasing 
trend with the increase in treatment of gamma rays, EMS and 
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their combination treatments. In other words, a negative shift in 
the mean values for various quemtitative traits was observed in 
the treated population. Such adverse effects of mutagenic 
treatments in quantitative traits in various crops have also been 
reported earlier (Nerker, 1970; Tripathi and Dubey, 1990; 
Kumar and Dubey, 1994). The present results are in contrast 
with report of other workers who showed stimulatory effect of 
lower concent ra t ions and inhibitory effect of higher 
concentrations of physical and chemical mutagens (Katyani et 
al, 1980; Singh et al, 1980; Vandana and Dubey, 1988; Anis 
and Wani, 1997). 
Several causes have been reported to be responsible for the 
adverse effects of physical and chemical mu tagens . The 
reduction in plant height is usu£dly ascribed to reduced auxin 
and nuritional level. The mechanism of assimilation c£in also be 
an important factor. The reduced seedling growth may be 
attributed to the genetic loss due to chromosomal aberrations 
and gene mutations which bring about several morphological 
and growth abnormali t ies in the plant or p lant organs. 
Similarly, the decrease in fruit yield and other yield contributing 
characters may be attributed to the high pollen sterility 
observed in the treated population. 
The genetic variability measured in terms of coefficient of 
{61 } 
variation was found to be high in almost all the mutagenic 
treatments and in all polygenic traits. The increase in coefficient 
of variation in the treated population indicates that several 
desirable mutations and significant improvement in yield could 
be achieved in the subsequent generations. Similar increase in 
genetic variability after mutagenic treatments has been reported 
earlier (Vandana and Dubey, 1988; Tripathy and Dubey, 1990; 
Kumar £ind Dubey, 1994; Anis and Wani, 1997). 
( 62 } 
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SUMMARY 
In the present investigation, an attempt has been made to 
study the mutagenic effects of different dose/concentrations of 
gamma rays and EMS sepgirately as well as in combination in 
Mj generation in the two varieties of Capsicum annuum viz. 
Pusa Jwala and Pant Chilli-1. Various biological parameters 
such as seed germination, plant survival, pollen fertility and 
different quantitative t rai ts were s tudied in M .^ Besides, 
cytological investigations were carried out in the treated as well 
as control population to s tudy the meiotic behaviour of 
chromosomes in different concent ra t ions of physical and 
chemical mutagens. The following observations were made in the 
present study; 
(1) Seed germination, plant survival and pollen fertilitj ' 
decreased with gm increase in mutagenic treatments. 
(2) The chromosomal abnormal i t ies increased with the 
increasing concentrations/dose of mutagens in both the 
varieties. 
(3) Several cotyledonary and leaf abnormalities were recorded 
in the treated population. These abnormalities did not 
show any dose dependent relationship. 
(4) Combination treatments in general were found to be most 
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effective followed by gamma rays and EMS in causing 
biological damage as well as chromosomal abnormalities. 
(5) The mean values for various quantitative traits decreased 
in all mutagenic treatments in both the varieties. Maximum 
decrease was observed in higher t r ea tmen t s of all 
mutagens. 
(6) The coefficient of variation was found significantly high for 
all quant i ta t ive t rai ts in the treated populat ion as 
compared to control. 
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FUTURE PLAN OF WORK 
The main purpose of present investigation has been to 
exploit the induced variability by isolating the desirable 
mutants with higher yield potential in future generations. The 
following objectives will be taken into account for future 
studies in M2 and M3 generations. 
1. To estimate the frequency and spectrum of chlorophyll 
and viable mutations. 
2. To compare the effectiveness and efficiency of different 
mutagens. 
3. To quantify the magnitude of genetic variability induced 
in various quantitative characters. 
4. To enhance the yield potential by isolating promising 
lines. 
5. Evaluation of promising macromutat ions in advance 
generations. 
